ee ee ee ee] 
In addition, your station grounding might affect your power 


and V.S.W.R. measurements. When you connect all of 
your equipment together, you introduce new paths for RF 
energy to flow (in addition to your coax shields). 


As an interesting point, however, many users find that the 
absolute value of the displays on their meters doesn’t really 
matter that much. For power, the idea is to maximize it. 
For V.S.W.R., the idea is to come as close to 1.0 as 
possible (below a certain minimum, of course). 


Most measurement systems for high frequency (HF) power 
and V.S.W.R. measurement consist of two major 
components. The first is the sensing system (directional 
coupler), the other is the display system. There are 
commercially available systems that integrate both of these 
components into one package (a conventional 
watt/V.S.W.R. meter) and some that separate the two (such 
as the P-2000CW). 


RF Applications, Inc. 


User’s Manual Page 11 


USING THE P-2000CW 


The P-2000CW was designed with sight-impaired operators 
in mind. The power button is located on the extreme left 
side of the cabinet, and the V.S.W.R. button is located on 
the extreme right side. The speed and volume controls have 
knobs with pointers. Finally, the unit has an audible alarm 
that will signal the operator if a preset V.S.W.R. level is 
exceeded. 


GENERAL OPERATION 


When power is first applied to the P-2000CW, it "signs on" 
with the letters "RFA." Once you hear those letters, the 
unit is ready to help monitor your station. The audible 
interface is implemented using International Morse Code, 
and you can set the speed of the CW from 5 to about 45 
words per minute. In addition, jumper options allow you to 
select abbreviated CW for the zero, one and nine 
characters, select one of two sidetone frequencies, and to 
tell the unit to report the observed power in 10 watt 
increments or to use its maximum resolution. Each of these 
items is discussed later in this manual. 
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not just the antenna. And in some cases, the readings can 


be misleading. 


For example, you might have a perfectly resonant (50 ohm) 
antenna running on 10 meters. You connect it with 150 feet 
of RG-58 cable. Your station-mounted wattmeter shows 
that you are delivering 100 watts from your transmitter into 
this antenna system. 


Here’s the problem: the RG-58 cable exhibits a loss of 2.0 
dB per one hundred feet at 30 MHz. This means that if 
you mounted your wattmeter at the antenna, you would read 
only 50 watts! 


Your V.S.W.R. measurements can be affected, because 
losses in the feedline reduce the level of the reflected 
voltages as well. Therefore, you can be lulled into a sense 
of security about your V.S.W.R.; when, in fact, it is higher 
at your antenna than you see on your meter. 


Wattmeters like the P-2000CW allow you to mount the 
directional coupler at the antenna (or at least near it, with 
some restrictions). By doing this, you can see what is 
happening near the antenna. However, additional 
installation costs are incurred, because you must bring the 
sensing cables back to the shack. 
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Some other characters are used by the P-2000CW. These 


are: 


di-dah-dit 
di-di-dah-dit 
di-dah 
dah-dah-dah 
dah-di-dah 
di-di-di-dah 
di-dah-dit 


<AOPTNA 


The unit always abbreviates the period from its "pure" form 
of di-dah-di-dah-di-dah. You will only hear the period 
when V.S.W.R. is being reported (more on this below). 


REPORTING POWER 


Whenever you transmit, the P-2000CW monitors the peak 
RMS power during a transmission. This value can be 
reported at any time during a transmission by simply 
pressing the left button on the unit. The observed peak 
RMS power will be reported. 


When your transmission is finished, the P-2000CW will 
"remember" the last transmission’s peak RMS power and 
will report it the next time the left button is pressed. Once 
it is reported after a transmission, the internal memory is 
cleared to zero. This is done to assure you that the 
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TECHNICAL DISCUSSION 
RF POWER AND V.S.W.R. MEASUREMENT 


The purpose of this section of the manual is certainly not to 
go into great detail on the theory of the measurement of RF 
power and voltage standing wave ratio (V.S.W.R.). There 
are many more publications on the subject dating back 50 or 
more years. But we do want to discuss the most important 
issues pertaining to this matter. 


For the purpose of this discussion, RF power refers to the 
peak voltage measured on the line, multiplied by itself, and 
divided by 50 (voltage squared divided by the impedance of 
the load, which is watts). 


V.S.W.R. is calculated by finding the sum of the forward 
and reflected voltages on the line and dividing by the 
difference of the forward and reflected voltages on the line: 


Forward Voltage + Reflected Voltage 


= V.S.W.R. 


Forward Voltage - Reflected Voltage 


You can see that if there is no reflected voltage, you will be 
dividing the forward voltage by the forward voltage, which 
is 1.0. A V.S.W.R. of 1.0 is ideal (and actually 
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press the right button again or unkey your transmitter. The 


P-2000CW will respond with "OK" (dah-dah-dah dah-di- 
dah). You are now "tuned up." 


TUNING FOR MAXIMUM POWER 


You can "peak" an amplifier using the P-2000CW. To do 
so, key up your transmitter, and then press and hold the left 
button on the unit until you hear an "R" (di-dah-dit) 
character. Release the button, and you will hear a raspy 
tone. This tone will increase in frequency as the power 
applied is increased. You can learn the relationship 
between the frequency and the power by exiting this mode 
and reporting the power. Exiting this mode is accomplished 
by pressing the left button again or unkeying your 
transmitter. The unit will respond with "OK" (dah-dah-dah 
dah-di-dah), and you are now "peaked up." 


THE V.S.W.R. ALARM SYSTEM 


The P-2000CW continuously monitors your V.S.W.R. 
during all transmissions. The observed value is compared 
against a preset value (you can set), and if that value is 
exceeded, an alarm condition occurs. While RF is present 
during an alarm condition, the unit will send "V" (di-di-di- 
dah) characters to warn you of the condition, and the 
V.S.W.R. alarm relay will drop out. As soon as RF is 


Page 16 


9 o8ed 1OPCIIPUT "A" M'S*A/TOMOT HA IAQIPNVY MD0007-d 


‘JUsWINSURIIe 10}D0UU0D o}eLIdo1dde ue oyeUI 0} DALY TIM 
no ‘jou soop smod J] ‘WWowWosueIIe 10jD0UuU0D odA1-YOY 
oY) 9sn sioijdure Aueul :3j0N “JorjI]dure In0A 0} yorq 
UN 9Y} WoT, JOUUOS 0} BIGeD WOY-01-VOY peryddns om 
osf) ‘Wun oy) Jo yOeq oy} UO syoel oy Jo oUO OJUI WI Snid 
pue Joyijdwe moX woy yor! yoy oy) snjdun ‘j0uU00 OF, 
‘asodind sty} 10} posn ose Jey} WUN oy) Jo Jeal oy) UO syoul 
VOU OM) ose OI9Y], “poAowlsl sit FY []e [Wun uodo Avis [IM 
Aejal styy, “pouodo st Avjal & ‘(jl Jas Ue NOA) “YM 'S'A 
JO [9A9] SAISSOOXO UB S}DO}Op JUN oY} USA “OIpel 

pue Jorijdure InoA u99M}0q OUT] , XOA, JO ,AW TAY, 

oY} Jdn.JI9jUI 0} poINnsIyUOS 9q UVD MDOOOT-d PUL 


ONIYIM Nav TV 


‘souoydpeoy Ino yim Jarjesred ul MDOO0Z-d 24} JO yndyno 
oy} o1tM A[dwIg ‘suojoouU0S suoydpesy sy} JoJ pasn 
SI J0}O9UUOD YSUI-g/[ YW ‘“souoydpeoy mo Jo uoneiedo 


oY} UO 1OaJJo OU SAY SSIMIOYIO prnoys i pue ‘souoydpeoy 
Re 


LI o8eg jenueyy s.Jos¢Q 
‘uy ‘suoneoyddy 7Y 


‘T[J9M SB POAOUIOI 9q P[NoYs sMoJOs SUTUNOU JdA09 

oY} ‘OS[Y ‘PpoeAoulsl oq 3sNUI s}nuU [sued yUOI [Te pue sqouy 
oy) ‘siodummf ay} ssao0v OF, ‘ouojopis Aouanbary Moy/ysIy 
pue ‘UON[OSel MOT/YSIY ‘AD [[NJ/poyetaciqqe ore osoy], 
“‘poInsiyUOd pel oq Ud Jey} SIo}oWeIed ddI} o1e SIO], 


SNOILdO HIEAV LOX THS add NN 


"JI OSULYD 1, UPIp 9UOSMIOS yey} oINs oyeU 

0} 3UINAS [OAS] SITY} YOoyo ‘suILTe “YMA'S'A ,,OSTES, 

oq 0} Weds JeYM BUIYOS oJe NOA JJ “UOWNG SuTjJodel 
94} 0} }XOU pojyedo] JoJowWoNUD}0d 9y} SUISN [:6'6 

O} [:[°] Woy Jl Jos ued NOX “[:¢9'¢E 0} AJOJORJ OU} 

ye josoid si jy “Sues JOA] Wee “yy AA'S’A 94) Yodel 
[I Wun oy} ‘UoyNG sty} ssoid noA J] “WUN 9y} Jo 

yoeq oy} UO UOYNG Ysnd ][euUs & SI DIOY], “JOALIPMOIOS 
[jeuls & BuUIsN [OAD] Wee “YAS A OU} JOS URS NOX 


JoAo’] WIeTY o4} sues 


‘dois 


siajovieyo , A,, 9} pue poezISIous-o1 sI Av[oI oy) ‘poAOWol 
ES EE Sn 2 EN Le 


I, 
operate properly. This is a common problem (based on the 


calls we receive). 


The coupler is intended to be installed in a dry location. It 
is acceptable to mount it outdoors as long as you provide a 
water-tight enclosure to house the coupler. You may extend 
the BNC cables up to 400 feet as long as you use high 
quality shielded cable. 


DC WIRING 


The P-2000CW requires 12 to 16 VDC at less than 100 
milliamperes. A power cord is provided. The white-striped 
lead of this power cord should be connected to the positive 
terminal of the power supply. If you are using the optional 
power pack, simply plug-in the connector. If you are using 
a third party power pack, be certain that the positive lead 
on the connector is the center "barrel" or pin. 


HEADPHONES 


The P-2000CW has a headphone output. The internal 
speaker is disabled when headphones are connected. Since 
there are so many different types of headphone 
arrangements, no attempt has been made to describe all the 
various types of connections. The P-2000CW will play its 
tones in parallel with the left or right channel of your 
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Abbreviated CW 


As described above, the P-2000CW can use 
abbreviated CW for the numbers one, nine and zero. 
The factory default is to use the full versions of these 
characters. 


e Jumper JC enables abbreviated CW 
e Jumper JD enables full CW (factory default 
setting) 


10 W Resolution 


If the full resolution of the P-2000CW is not needed, a 
lower resolution mode may be selected. In high 
resolution mode, the P-2000CW will report power 
using the full resolution of the analog to digital 
converter. This results in 256 values from 0 to 2,030 
watts. In low resolution mode, values from 0 to 2,030 
watts are reported in increments of 10 watts. These 
values are truncated, not rounded. For example, in 
low resolution mode, 100 watts, 101 watts and 109 
watts are all reported as 100 watts. 


e Jumper JE enables low resolution mode 


e Jumper JF enables high resolution mode (factory 
default setting) 
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INSTALLATION 


The P-2000CW is intended to be installed in a dry location. 
Try to avoid direct sunlight whenever possible (especially in 
mobile installations). 


HF COUPLER 


The P-3000-C HF coupler should be installed between the 
last RF source (transmitter/amplifier) and your antenna. If 
you use an antenna matching device (tuner or matchbox), 
then the coupler should be installed between it and the RF 
source. Do NOT install the coupler after an antenna 
matching device as the coupler will then measure your 
antenna; not the match being presented to the transmitter. 
Refer to the figures for installation details. 


Standard SO-239 type connectors are provided for the RF 
connections. Use a short jumper to connect the RF source 
input on the coupler to your transmitter. Connect the cable 
coming from your antenna/matching unit to the antenna 
connector. If desired, the coupler may be grounded using 
the #10 stud provided. 


Connect the BNC cables from the coupler to the controller. 
One of the cables has a red marker on it, and we usually 
use this one as the "forward" signal cable. No damage will 
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ACCURACY AND CALIBRATION 


The P-2000CW uses an eight-bit analog to digital converter 
to analyze the signals presented. This results in a 0.4% 
overall resolution in this part of the system. The P- 
2000CW is designed to operate over a wide frequency range 
(1.8 MHz to 30 MHz). The overall accuracy is specified as 
+/- 10% of the reading over this range. 


You will find that you can achieve much higher accuracy at 
a given frequency and power under the following 
conditions: 


1. | You must have a 50 ohm power source 
2. You must have a calibrated power meter 
3. You must have a 50 ohm load impedance 


If you have these resources available, you can calibrate the 
P-2000CW to give you more accurate readings at your 
specified power and frequency. Note that unless you 
perform this calibration at about 14 MHz, you will probably 
cause the P-2000CW to be out of specification at the other 
end of the spectrum from where you calibrated it. 


To calibrate your P-2000CW, you’ll need the following 


. €quipment and tools: 
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INITIAL SETUP We calibrate the P-2000CW using this procedure at the 
factory. Our procedure uses a calibrated Bird® Model 43 
Unpack the P-2000CW. The box should contain: and 1000 H sensor slug. We calibrate at 500 watts on 14.2 
MHz. 
LI P-2000CW controller 
Li P-3000-C HF coupler . REMOTE COUPLER MOUNTING 
LI Dual BNC-to-BNC cable assembly 
LI RCA-to-RCA cable There is no reason that you cannot mount the directional 
C1 12VDC power cord or optional power pack coupler remotely. However, you will need longer cables 
CL} Warranty card terminated with BNC connectors. In addition, the 
L} This manual directional coupler is not designed for outdoor use, so you 


will have to put it in another enclosure. 
If anything is missing, give us a call and we’ll take care of 
you. Please take a few moments now to send in your You can expect changes in accuracy with extremely low 
warranty card. temperature. We have tested to -10 degrees C, and the 
changes are minimal at that temperature. 
To verify initial operation of the P-2000CW, perform the 


following steps: We have tested the directional coupler with 500 feet of 
cable, and it performs well. Be aware though, you will be 

1. Locate the P-2000CW controller. reading power at the other end of a feedline. Maybe you 
2. Connect the power cord to 12VDC. The white- don’t really want to know what’s out there! 

striped lead should be connected to the positive 

terminal of the supply. SPECIAL DIRECTIONAL COUPLER CONNECTORS 
3. Set the controls on the front panel to their mid- . 

position (the pointers should be up). If you like to use “N” type connectors, contact the factory. 
4. Plug the power cord into the power jack on the . “N” connectors are available. 

controller. 
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Reports (sometimes) grossly inaccurate readings 


The unit might have been recalibrated. Check and 
recalibrate as necessary. Also, remember that the most 
accurate power readings occur when your source and load 
impedances are very near 50 ohms (V.S.W.R. reports close 
to 1.0:1). The effects of mismatched loads are most 
pronounced below 10 MHz, where you will often observe 
higher than "possible" power reportings when the V.S.W.R. 
exceeds 1.7:1 or so. This is a normal artifact of power 
measuring systems using sensors, such as those used in the 
P-2000CW. 


If you are experiencing other problems, give us a call and 
we'll help you out as quickly as possible. 
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IMPORTANT 


The P-2000CW is designed to operate from a 12 to 16 volt 
DC power source. Do not connect it to AC (especially line 
voltage). As with all electronic equipment, keep the P- 
2000CW out of direct sunlight and keep it dry. 


IF YOU HAVE PROBLEMS 


We want you to be satisfied with your purchase. If you 
have any type of problem, please check the "In Case of 
Trouble" section of this manual. If your problem persists, 
call our Customer Service Department at 440.974.1961. 
Please have the P-2000CW and this manual at hand when 
you call. 
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LIMITED WARRANTY 


Your P-2000CW is warranted by RF Applications, Inc. to 
be free of defects for two years from the date of purchase. 
THIS WARRANTY IS IN LIEU OF ALL OTHER 
WARRANTIES, INCLUDING IMPLIED 
WARRANTIES OF MERCHANTABILITY AND 
FITNESS. In no event will RF Applications, Inc. be liable 
for consequential damages. 


If you must return the unit to the factory, you must obtain 
authorization from the factory. Be sure to provide a copy 
of your original purchase receipt to validate your warranty. 
We will repair the P-2000CW during the warranty period at 
no charge. We will not honor the warranty, if in our 
opinion, the product has been damaged due to misuse or 
subjected to adverse environmental conditions. We might 
elect not to honor the warranty on units modified by you. 


After the warranty has expired, you may return the unit to 
the factory for repair (after receiving authorization to do 
so). We will repair the unit at a flat fee of US$60.00 plus 
shipping charges of US$6.00 (domestic, UPS ground). 
Please enclose a check, money order, or credit card 
information to cover repair costs and shipping. 
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RF APPLICATIONS, INC. 
WARRANTY CARD 


IMPORTANT: To make this warranty valid, fill in and return this card within ten days of purchase. 
Upon receipt of this card, we will register this warranty. Please consult your User's Manual for further 
warranty information. 

Model No. Serial No(s). (and ) 


Name Call 


Address 


Telephone ( ) 


Purchased From Date 


We feel it is important to offer quality products and services to our customers and have taken pride 
in manufacturing this product. Thank you for your purchase. 


February 1995 
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